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Abstract. We present a type–I outburst of the high-mass X–ray binary EXO 2030+375, detected during
INTEGRAL’s Performance and Verification phase in December 2002 (on–source time about 106 seconds). In
addition, six more outbursts have been observed during INTEGRAL’s Galactic Plane Scans. X-ray pulsations
have been detected with a pulse period of 41.691798±0.000016 s. The X-ray luminosity in the 5–300 keV energy
range was 9.7×1036 erg s−1, for a distance of 7.1 kpc. Two unusual features were found in the light curve, with an
initial peak before the main outburst and another possible spike after the maximum. RXTE observations confirm
only the existence of the initial spike. Although the initial peak appears to be a recurrent feature, the physical
mechanisms producing it and the possible second spike are unknown. Moreover, a four-day delay between peri-
astron passage and the peak of the outburst is observed. We present for the first time a 5–300 keV broad-band
spectrum of this source. It can be modelled by the sum of a disk black body (kTBB ∼8 keV) with either a
power law model with Γ=2.04±0.11 keV or a Comptonized component (spherical geometry, kTe=30 keV, τ=2.64,
kTW=1.5 keV).
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1. Introduction
The high-mass X-Ray binary EXO 2030+375 is an X-ray
transient system that consists of a neutron star (NS)
orbiting a Be companion, hence forming a Be/X-ray
binary. Be stars are rapidly rotating objects with a quasi-
Keplerian disk around their equator. The ultimate cause
of the formation of the disk is still under heavy debate,
but the high rotation velocities of these types of stars must
play an important role (Townsend 2004). The optical and
infrared emission is dominated by the donor star and char-
acterised by spectral lines in emission (particularly those
of the Balmer series) and IR excess. The standard model
of a Be/X-ray binary ascribes the high-energy radiation
to an accreting mechanism that takes place when the com-
pact object interacts with the Be star’s circumstellar disk,
giving rise to an X-ray outburst.
EXO 2030+375 was discovered by EXOSAT in 1985
during a giant (or type II) X-ray outburst (Parmar et
al. 1989), probably arising from a dramatic expansion
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of the disk surrounding the Be star (Coe 2000). The
X-ray luminosity in the energy range 1–20 keV reached
a value of Lx ∼ 10
38erg s−1, and a large intrinsic
spin-up rate (Reynolds et al. 1993), as well as 0.2 Hz
QPO (Angelini, Stella, & Parmar 1989) were observed.
Since then, only normal (or type I) outbursts have been
detected: EXOSAT (28 October - 3 November 1985,
Parmar et al. 1989), Ginga (29-31 October 1989 and
24 October 1991; Sun et al. 1992), ROSAT (November
1990; Mavromatakis 1994), CGRO/BATSE and RXTE
satellites (since April 1991 outbursts were detected
at most periastron passages and continue to be de-
tected with the ASM, Wilson et al. 2002, 2005), and
INTEGRAL (6-18 December 2002, and continue to
be detected during GPS observations). These type I
outbursts have Lx < 10
37 erg s−1, are modulated with
the orbital period and display low spin-up rate episodes.
With an orbital period of Porb=46.0214±0.0005 d and
an eccentricity of e=0.419±0.002 (Wilson et al. 2002),
EXO 2030+375 exhibits variability on all time scales. Its
optical counterpart is a Be (V = 20mag) main-sequence
star (Motch & Janot-Pacheco 1987; Coe et al. 1988). The
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Fig. 1. Dithering pattern (5x5) during PV phase around
Cygnus region. From inside to outside, the fully coded
fields of view of JEM-X, ISGRI and SPI instrumemts, re-
spectively, are also shown.
optical/IR emission seems to be related to the activity of
the Be star’s disk (Reig et al. 1998). In the X-ray band the
neutron star shows 41.7-s pulsations (Parmar et al. 1989;
Reynolds, Parmar &White 1993, Reig & Coe 1998;Wilson
et al. 2002, 2005), and active/inactive periods are mainly
related to the periastron passage (46.02 d). The spectral
shape of EXO 2030+375 in the 2–20 keV energy range has
been modelled by an exponential cut-off (Γ = 1.00± 0.06)
plus absorption and an iron emission line at ∼ 6.5 keV
(Reig & Coe 1999). In the 20–150 keV energy band
Stollberg et al. (1999) found a thermal bremsstrahlung
model to be the best fit (kT = 20.2± 0.3 keV).
In this paper we present for the first time a broad
band spectrum of EXO 2030+375 using all three high-
energy instruments on-board INTEGRAL. In addition,
we have analysed RXTE data from three other outbursts.
Furthermore, a detailed timing analysis of this source is
shown. INTEGRAL preliminary results of EXO 2030+375
have been reported by Mart´ınez Nu´n˜ez et al. (2003),
Kuznetsov et al. (2003, 2004), Bouchet et al. (2003) and
Camero et al. (2004).
2. Observations and data reduction
The INTErnational Gamma-Ray Astrophysics
Laboratory (INTEGRAL, Winkler et al. 2003) con-
sists of three coded mask telescopes: the spectrometer
SPI (20 keV–8 MeV), the imager IBIS (15 keV–10 MeV),
and the X-ray monitor JEM-X (4–35 keV), as well as the
optical monitoring camera OMC (V, 500–600nm).
The spectrometer SPI has an angular resolution of 2.8◦
and an excellent energy resolution (2.35 keV at 1.33 MeV).
The fully coded field of view (FCFOV) of the instrument
is 16◦ × 16◦ (Vedrenne et al. 2003). The imager IBIS has
two detector layers: ISGRI and PICsIT. It has an angular
resolution of 12 arc minutes and a FCFOV of 9◦ × 9◦
(Ubertini et al. 2003). The JEM-X monitor consists of two
identical coded-aperture mask telescopes co-aligned with
the other instruments, each with an energy resolution of
∆E/E = 0.47× (E/1keV)−1/2 and an angular resolution
of 3 arc minutes. Its FCFOV is 4.8◦ (Lund et al. 2003).
During the INTEGRAL Performance and Verification
Phase (hereafter PV, from launch on October 17, 2002 to
the end of December 2002), an outburst of EXO 2030+375
was observed. In the study presented here we have
analysed SPI, ISGRI and JEM-X data from rev-
olutions 18 to 23 (3–18 December 2002) around
the Cygnus region, where this source is located.
IBIS/ISGRI was able to detect this source in
almost 285 pointing exposures made by the satellite.
However, only those pointings giving a detection level
above 8σ have been taken into account (∼ 170 pointings).
SPI data almost cover the duration of the outburst
which lasted approximately 12 days (∼ 450 pointings).
However, SPI data from revolution 18 was excluded
since it was only a staring observation. Due to the
pattern of observation exposures made by INTEGRAL,
EXO 2030+375 was outside the JEM-X field of view
during the second part of the outburst, being detected in
only 10 pointings.
In addition, six more outbursts have been par-
tially detected during INTEGRAL Galactic Plane Scans
(hereafter GPS) surveys. The period analysed includes
revolutions 26 to 269 (MJD 52630 – MJD 53365). We have
obtained positive detections with SPI in 16 revolutions,
with a total observing time of ∼ 770 ks. ISGRI has de-
tected it within the fully coded field of view in 12 revolu-
tions (∼ 50 ks), and JEM-X in 4 (9 ks) (see Tab. 1).
INTEGRAL data reduction was carried out with
ISDC’s (Courvoisier et al. 2003) Offline Scientific Analysis
software, release 4.2. A software description can be
found in Goldwurm et al. (2003), Diehl et al. (2003),
Westergaard et al. (2003).
In 1996 July (MJD 50265–50275), 2002 June
(MJD 52425–52446), and 2003 September (MJD 52894–
52899), EXO 2030+375 was observed with the RXTE
Proportional Counter Array (PCA) and the High Energy
Timing Experiment (HEXTE) 1. For each observation, we
analysed PCA Standard 1 data (0.125 sec time resolution,
no energy resolution) for light curves and Standard 2 data
(16 sec time resolution, 129 channel energy resolution) for
hardness ratio and spectral analysis using FTOOLs v5.3.1.
Details of timing analysis of these data are given in Wilson
et al. (2002, 2005).
3. DATA ANALYSIS
3.1. Imaging
Figure 1 shows the 5×5 and hexagonal dithering patterns
carried out by INTEGRAL during the PV phase in the
Cygnus region, together with the fully coded field of view
of the three high-energy instruments. We observed that
the 450 pointings can be grouped into a subset of 75 (5×
5 × 3) which are independent, due to repetitions of the
observation pattern at the same location.
1 See http://heasarc.gsfc.nasa.gov/ for observation details
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Fig. 2. Left: a mosaic of the Cygnus region by ISGRI (rev-
olution 20, 20–40˚keV). Right: an average image from
revolutions 19 to 23 by SPI (20–40keV).
Fig. 3. Top: Pulse phase residuals for EXO 2030+375
ISGRI 20-60 keV data from revolutions 18-22 from a fit
to a linear phase model. Bottom: Mean pulse profile from
revolutions 18-22 generated by combining profiles from
individual science windows using our linear pulse phase
model.
Table 1 shows the observations per instrument, and
the mean flux in different energy ranges per revolution.
PV phase fluxes in the 20–40 keV energy range obtained
by ISGRI and SPI increase from MJD 52618 (revolution
19), peaking at around MJD 52622 (revolution 20), and
finally decreasing to the end of the outburst at MJD 52630
(revolution 23).
Using PV phase data for a total observing
time of 306 ks and covering revolutions 18 to 22,
ISGRI located EXO 2030+375 at R.A.=308.09◦ and
DEC=37.65◦, with a 0.03◦ error radius. SPI detected this
source with a statistical significance of 35σ, averaging over
revolutions 19 to 23 (730 ks), at R.A.=308.12±0.07◦ and
DEC=37.47±0.05◦. Only in 10 pointings of revolutions
19 and 20 (18 ks) could JEM-X detect EXO 2030+375,
because it has the smallest fully coded field of view. Its
best location was at R.A.=308.06◦ and DEC=37.64◦ with
an error radius of 0.03◦.
Table 1. Journal of Observations
Instrument Rev Obs.Time Mean MJD Mean Flux
ks mCrab
JEM-X 19 9 52618.73 55±2
(5-25 keV) 20 9 52621.72 54±1
80 3.6 52801.47 47±1
82 1.8 52805.92 72±2
265 1.8 53353.52 88±2
266 1.8 53356.50 97±2
IBIS/ISGRI 18 19.8 52615.72 21.2±0.7
(20-40 keV) 19 104.4 52618.73 67.1±0.8
20 113.4 52621.72 74.3±0.7
21 63 52624.71 59±1
22 5.4 52627.73 29±2
52 4.4 52717.31 61±5
67 2.2 52761.36 99±4
80 18 52801.19 50±1
82 2.2 52806.05 93±4
142 4.4 52985.52 96±3
145 4.4 52994.51 56±3
162 2.2 53045.59 16±4
189 2.2 53126.55 83±4
193 2.2 53137.40 36±4
265 2.2 53353.52 115±4
266 2.2 53356.49 137±4
269 2.2 53365.25 125±5
SPI 19 187.2 52618.73 52±3
(20-40 keV) 20 178.2 52621.72 70±3
21 187 52624.71 45±4
22 206.8 52627.73 36±3
23 204.6 52630.79 6±2
54 50 52722.89 32±14
59 46.2 52737.65 34±13
67 104.4 52761.36 78±12
79 17.6 52797.47 6±3
80 203 52801.19 52±2
82 28.6 52806.05 65±10
92 22 52835.92 26±15
142 24.2 52985.52 115±12
145 28.6 52994.51 22±12
189 41.8 53126.55 69±10
210 26.4 53188.42 36±13
218 35.2 53212.86 49±15
241 39.1 53281.68 37±11
253 40.3 53317.73 101±14
265 32 53353.52 115±17
266 28.1 53356.49 149±17
269 28.4 53365.25 118±15
3.2. Timing
X-ray pulsations have been detected by JEM-X and
IBIS/ISGRI. A standard epoch-folding analysis on JEM-
X data gives a value of 41.601±0.005 s for the short-
term variability. In addition, we have analysed ISGRI
data using new software based on previous experience
in the timing analysis of X-ray pulsars with BATSE
(Finger et al. 1999, Wilson et al. 2002). This software is
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able to generate a pulse phase for each science window
and then fit them to get a pulse period. The best-fit pe-
riod is 41.691798± 0.000016 s (epoch MJD 52621.6913),
using data spanning revolutions 18 to 22 (MJD 52614.419-
52628.964), including barycenter (Walter et al. 2003)
and orbit corrections (Wilson, Fabregat, Coburn 2005) .
This result is in very good agreement with previous
results (Parmar et al. 1989, Reynolds et al. 1993, Reig
& Coe 1998, Kuznetsov et al. 2004, Wilson et al. 2002,
Wilson, Fabregat, Coburn 2005 ).
For each science window, our software collected good
events in the partially and fully coded field-of-view of
ISGRI in the 20-60 keV band using the pixel information
function (PIF). The good events were then epoch folded
using initially a simple pulse phase model based on spin-
frequency measurements from RXTE. To remove effects of
binning, we then fit each folded profile with a Fourier se-
ries of harmonic coefficients. A template profile was then
created from the average profile from the set of science
windows. For each harmonic coefficient, we computed a
reduced χ2.
χ2h
d.o.f
=
N∑
i=1
1
(2N − 2)
{
(aih − a¯h)
2
σ2aih
+
(bih − b¯h)
2
σ2bih
}
(1)
where aih and bih are the cosine and sine coefficients
for science window i and harmonic h, σaih and σbih are
the errors on those coefficients, a¯h and b¯h are the cosine
and sine coefficients for the mean profile, and N is the
number of science windows. To account for excess ape-
riodic noise from Cygnus X-1, since it cannot be com-
pletely removed from the data, the errors on the har-
monic coefficients for the individual science windows were
multiplied by (χ2h/d.o.f)
1/2. A similar technique was also
applied to account for excess aperiodic noise in BATSE
data (Wilson et al. 2002, Finger et al. 1999). To generate
phase offsets from the model, we then cross-correlated
the individual profiles with the template profile. The new
phases (model + offset) were then fitted with a linear
or quadratic phase model, and the process was repeated,
creating new folded profiles, new harmonic coefficients,
and new phase offsets. The pulse profiles were then
combined over time using the phase model to improve
statistics and allow the phase measurements to constrain
spin-up during the outburst. Figure 3 shows 0.5 day phase
residuals for our best fit model with a constant period,
indicating that no significant spin-up (or spin-down)
was detected during the outburst. All of the individual
pulse profiles were combined using our phase model to
produce the mean 20-60 keV profile shown in the bottom
panel of Figure 3.
In the medium-term EXO 2030+375 shows type I
outbursts, i.e. increases of the X-ray flux during the
periastron passage of the neutron star. During brighter
EXO 2030+375 outbursts observed with BATSE, Wilson
et al. (2002) found a correlation between spin-up rate
and pulse flux, suggesting that an accretion disk was
likely to be present. The behaviour of this active pe-
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Fig. 4. Top Panel: INTEGRAL (ISGRI–SPI, 20–40 keV)
light curves of EXO 2030+375 outburst seen in Dec. 2002.
The unusual features are marked in both light curves.
Bottom Panel: BATSE 1-day average pulsed flux light
curve (20-50 keV) from an outburst seen in 1993 May.
Fluxes were generated as described in Wilson et al. (2002).
Only a marginal detection of the initial spike is observed.
Fig. 5. RXTE PCA light curves (2–60 keV) from 3 out-
bursts of EXO 2030+375. Evidence for an initial peak pre-
ceding the main outburst is present in all 3 outbursts, al-
though coverage for the third outburst is incomplete. No
secondary peak was seen.
riod can be seen in Fig. 4, where a comparison of the
(20–40keV) ISGRI and SPI light curves with that of
an earlier outburst detected by BATSE (20–50 keV)
is shown. The shape and amplitude of variability in
both cases are analogous, as well as the duration of
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Fig. 6. Orbital phase of EXO 2030+375 main outburst
peak versus time. Outburst peak times were measured
with BATSE (filled squares) and the RXTE ASM (open
circles).
the phenomenon (about 12 days). However, it is to
be noted that in the same figure the INTEGRAL
light curves show a 4 day delay of the maximum
of luminosity after the periastron passage of the neutron
star, while the earlier outburst detected by BATSE peaked
6 days after periastron.
Furthermore, Fig. 4 shows very clearly an initial spike
in both INTEGRAL light curves, and another possible
spike after the outburst maximum. BATSE data shows
marginal evidence for only an initial spike about 3–4 days
before the maximum. RXTE/PCA light curves from June-
July 1996, June-July 2002, and September 2003 all show
evidence for an initial peak preceding the maximum, but
no evidence for a second spike (see Fig. 5). In these 3 out-
bursts, the initial spike, dip, and maximum each appear
to occur at approximately the same relative orbital phase,
despite the fact that the orbital phase of the maximum
shifts dramatically from about 1 day before periastron in
June-July 1996 to about 2 days after periastron in June-
July 2002 and then to about 4 days after periastron as of
September 2003 (See Fig. 6).
Galactic Plane Scans (GPS) performed by
INTEGRAL allowed us to partially detect six more
outbursts of this source. Figure 7 shows SPI, ISGRI
and JEM-X light curves obtained with GPS and PV
phase data. For comparison RXTE/ASM data covering
the same period are also plotted. In all light curves the
seven outbursts seem to peak at the same time, following
the same trend as previous type-I outbursts: the same
duration and shape, and all separated by about 46 days,
which corresponds to the orbital period of the system.
However, the amplitude of variability varies from one to
another. In principle, this can be due to the outbursts not
being completely sampled intime during GPS, since the
purpose of these observations is to perform saw-tooth-
path scans of the Galactic Plane at weekly intervals,
where individual exposures are separated by 6◦ along the
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Fig. 7. INTEGRAL (5–25keV JEMX, 20-40keV ISGRI
and SPI) light curves from different outbursts, and simul-
taneous data from RXTE/ASM (1.5–12keV).
scan path. On the other hand, due to its detector design,
data from SPI are highly background dominated. For SPI
to achieve a signal to noise ratio of ∼10 for a source as
bright as EXO 2030+375 an observation of 300 ks would
be necessary. Therefore the GPS pointing pattern is not
ideally suited to make a detailed study of point sources.
3.3. Hardness Ratios
In order to study the spectral variability of EXO 2030+375
we have carried out a hardness ratio (HR) analysis, since
the quality the data prevent us from performing a detailed
analysis. Table 2 lists the energy bands used. The HR is
defined as:
HR =
H − S
H + S
(2)
with H and S being the hard and soft band fluxes, respec-
tively.
Figure 8 (top) shows RXTE/ASM, JEM–X, ISGRI
and SPI HRs during the PV phase outburst. All data
are in Crab units. In spite of the poor statistics, at high
energies there seems to exist a softening of the spectrum
(ISGRI and SPI data), while at low energies a hardening
is seen (RXTE/ASM data). It should be noted that for
JEM–X only the first half of the outburst is present.
Figure 8 (bottom left) shows JEM–X (5–15keV) and
(15–25keV) light curves. We cannot clearly see an increase
of flux at higher energies. On the other hand, (20–40keV)
and (40–60keV) SPI light curves (bottom right) show a
decrease of the flux in the higher energy band.
Hardness ratios were also generated from RXTE PCA
data using three energy bands: 2-5, 5-15, and 15-30 keV.
Here the hardness ratios were defined as HR = H/S. In
all three outbursts observed with the RXTE PCA, the flux
in the 5-15 keV band was larger than that in the other two
bands. This differs from where the spectrum peaked in the
INTEGRAL data, but is likely related to differences in the
spectral response of the instruments.
6 Camero Arranz et al: INTEGRAL observations of the Be/X-ray binary EXO 2030+375 during outburst
Table 2. Hardness ratios energy bands per instrument.
Instrument Hard enery band Soft energy band
RXTE–ASM 5–12 keV 3–5 keV
JEM–X 15–25 keV 5–15 keV
ISGRI 40–60 keV 20– 40 keV
SPI 40–60 keV 20– 40 keV
52616 52618 52620 52622 52624 52626 52628 52630
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Fig. 8. Top: Hardness Ratios from RXTE/ASM, JEM-X,
ISGRI and SPI during PV phase outburst. Bottom left:
(5–15 keV) and (15–25 keV) JEM-X light curves. Bottom
right: (20–40 keV) and (40–60 keV) SPI light curves. At
high energies a softening of the spectrum is seen.
During the main part of all three outbursts, the hard-
ness ratios were roughly constant, as was also observed
with INTEGRAL. However, the 5-15 keV/2-5 keV ratio,
shown in Figure 9, exhibited intriguing behavior in the dip
preceding the main outburst. In the 1996 outburst, the
dip is harder than the main outburst, while in both the
2002 and 2003 outbursts, the dip is softer than the main
outburst. Also, this hardness ratio was correlated with
intensity in the 2002 outburst, when our observations
covered the largest range of orbital phases and intensities.
3.4. Spectral analysis
In this section we have characterised the average spec-
tral shape of EXO 2030+375 during the December 2002
outburst. Data from the three high-energy instruments
have been combined to achieve a 5–300 keV broad-band
average spectrum (Fig. 10). It is the first time that such
a broad-band spectrum of this source is presented. For
JEM–X we have obtained an average spectrum in the
5-25 keV energy range by using five Science Windows of
revolution 19 (JEM–X 2 data). Only IBIS/ISGRI spectral
data within the fully coded field of view were used for
Fig. 9. RXTE/PCA 5-15 keV/2-5 keV hardness ratio vs.
orbital phase from three outbursts of EXO 2030+375.
Filled symbols denote the hardness ratio for the dip pre-
ceding the main outburst.
extracting the 20–100 keV average spectrum. This
includes 35 spectra from revolutions 19 and 20. SPI has the
largest field of view, hence EXO 2030+375 was detected
throughout almost the entire duration of the outburst. In
order to improve the signal to noise, data from revolutions
19 to 23 were used for attaining an average spectrum in
the 20–300 keV energy range.
We found that the broad-band spectrum can be
adequately described by the sum of a disk black body with
either a power law model or a Comptonized component
(COMPTT; Titarchuk et al. 1994, 1995) . The soft com-
ponent is interpreted as coming from the accretion disk,
the neutron star surface, or an optically thick boundary
layer (Barret et al., 2000 and references therein). The
harder one is often modeled by simple power laws, however
Comptonization models provide more physical fits. This
process is speculated to take place in a scattering corona
located somewhere in the system: around the neutron star
(e.g., optically thin boundary layer, spherical corona) or
above the disk.
Table 3 summarises the spectral parameters that have
been obtained fitting both models. The soft component
has a black body temperature of kTBB ∼8 keV, which
does not substantially change after applying a power law
or a COMPTT model. In addition, we can see that an
unbroken power law fits well the hard X–ray component
with a Γ=2.04±0.11 keV. Moreover, we found compatible
fits when a COMPTT model is used with different
electron temperatures between kTe=30 keV and
kTe=60 keV, although it was not possible to constrain
this parameter, hence it was fixed in all the fits. We
noticed how the optical depth decreases as the tempera-
ture increases, while the rest of the parameters are almost
constant with temperature.
We have applied both spherical and disk geometries
yielding to different values for the optical depth of the elec-
tron cloud (τsphe/ τdisk ∼2). However, the temperature
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Fig. 10. Broad-band spectrum obtained combining JEM–
X-ISGRI-SPI mean spectrum of EXO 2030+375. Two
models have been fitted to the data: a disk black body
plus either a power law (stepped line) or a comptonized
component of kTe=30 keV (dashed line).
of the seed photons (kTW ), assuming a Wien-type
distribution, as well as the black body temperature
remained constant.
In any case the addition of an absorption component
improved the fits (a value of NH = (2.6±0.3)×10
22 cm−2
was used; Reig & Coe 1999). Neither an iron line was de-
tected nor any cyclotron line feature around 36 keV as
Reig et al. (1999) suggested could be observed. No cut-off
at 200–300 keV, as seen in black-hole systems (BHs)
like Cygnus X-1 (Scho¨nfelder 2001), seems to be present
although the data are not conclusive.
4. DISCUSSION
We have carried out INTEGRAL imaging, timing and
spectral analysis of the Be/X-ray binary EXO 2030+375
December 2002 outburst. In addition, we have reported
six more outbursts detected during INTEGRAL GPS
surveys.
Temporal analysis performed with JEMX and
IBIS/ISGRI observations showed X-ray pulsations.
Previous results using INTEGRAL data by Kuznetsov
et al. (2004) gave a value of 41.6897±0.0001 s. Our
best fit period obtained is 41.691798 ± 0.000016 s, in
excellent agreement with previous results (Parmar et
al. 1989, Reynolds et al. 1993, Reig & Coe 1998,
Wilson et al. 2002, Wilson, Fabregat, Coburn 2005).
The global trend in the pulsar spin frequency was
spin-down from 1994 through 2002. Recently, based
on the 2002 and 2003 outburst observations with
RXTE PCA, Wilson et al. (2005) observed a change
from spin-down to spin-up. They suggested that
the pattern of constant spin, followed by spin-up,
followed by spin-down, observed with BATSE, is repeating
with an approximately ∼ 11 yr cycle. Nevertheless, no
Table 3. Broad-band spectral parameters (5–300 keV)
with errors estimated in the 90% confidence range . For
the comptonized component a spherical geometry was se-
lected.
Model Parameters Intercalibration
factors
(ISGRI/JEM-X)
(SPI/JEM-X)
kTBB= 8.2
+1
−0.9
keV 1.0+0.2
−0.1
diskbb α= 2.04±0.11 1.1±0.2
+ pow χ2red/dof= 1.07/72
Flux∗= 1.7 ×10−9
kTBB= 8±2 keV 1.2
+0.3
−0.2
diskbb kTW= 1.5
+0.3
−0.4
keV 1.3+0.3
−0.2
+compTT kTe= 60 keV (fixed)
τ= 1.3+0.4
−0.3
χ
2
red/dof= 1.005/70
Flux∗= 1.5 ×10−9
kTBB=7±2 keV 1.18
+0.3
−0.18
diskbb kTW= 1.5
+0.3
−0.4
keV 1.31+0.18
−0.2
+compTT kTe= 30 keV (fixed)
τ= 2.6+0.6
−0.5
χ
2
red/dof= 1.03/70
Flux∗= 1.4×10−9
∗(erg cm−2s−1)
significant spin-up (or spin-down) was detected during the
INTEGRAL PV phase outburst.
The X-ray behaviour of EXO 2030+375 in the
medium term, is characterised by a regular increase of the
X-ray flux modulated with the orbital period (type I
outbursts). The average X-ray luminosity was
9.7×1036 erg s−1, for an assumed distance of 7.1 kpc
(Wilson et al. 2002). This luminosity value is of the same
order as previous type–I outbursts of this source. We have
estimated the L1−20/L20−200 ratio for EXO 2030+375,
obtaining a value ∼1.2. This allows us to locate this
source in the so-called X–ray burster box, whereas all
black holes are found outside it (Barret et al. 2000).
During the PV phase outburst a four-day delay
between the maximum of luminosity and the perias-
tron passage of the neutron star was found. Previous re-
sults showed that EXO 2030+375’s outbursts abruptly
shifted from peaking about 6 days after periastron to
peaking before periastron and then gradually shifting
to after periastron (see Fig. 6), depending on a density
perturbation precessing in a prograde direction around
the Be disk (Wilson et al. 2002). Recent RXTE ASM data
indicate that the main peak is currently about 5 days after
periastron.
The second feature found in the EXO 2030+375
INTEGRAL/SPI light curve is not detected by RXTE,
and there are not enough ISGRI data covering this period
for comparison. When interpreting SPI timing analysis it
is important to take into account the possible influence of
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a very strong source like Cygnus X–1 in the field of view
of this coded mask instrument. To resolve all sources each
should have a clear coding pattern from the mask, and
if this is incomplete for any of the sources, especially for
a weak one, the mask pattern may correlate with parts
of the mask pattern of neigbouring sources introducing a
systematic error in flux values. This phenomenon
of an incomplete detector pattern due to a source
outside the FCFOV can also be seen in the two dips at
the end of the Cygnus X–1 light curve. The observation
detector pattern of the second EXO 2030+375 feature is
not completely inside the FCFOV of the instrument, i.e.
this feature could have a systematic error due to cross
correlation with Cygnus X–1. In Fig. 11 we can see four
large flares in the Cygnus X–1 light curve. In principle, if
such a kind of correlation is occurring we would expect
four unusual features in EXO 2030+375 light curve.
However, only the first and last of these correlate to the
EXO 2030+375 features, but there is no correlation for
the second and third. Therefore, we cannot rule out the
possibility that the second peculiarity in the SPI data of
EXO 2030+375 is real.
Analysis of INTEGRAL and RXTE data did not show
clear spectral differences between the initial and maxi-
mum peaks. If the emission characteristics during the ini-
tial peak and the main outburst are different this would
indicate two different accretion mechanisms. Interestingly,
the RXTE data showed evidence for a spectral difference
in the dip between the peaks. However limited statistics
did not allow a detailed spectral analysis.
2S 1845-024, a 94-second pulsar in an eccentric
(e=0.88) 242-day orbit, exhibits the same recurrent
structure consisting of an initial peak preceding the
maximum and followed by another weaker peak (Finger
et al. 1999). In this source, the spikes are interpreted as
due to the passage of the pulsar through the Be star’s
circumstellar envelope in an orbit inclined with respect to
the equatorial plane of the Be star, while the main peak
was interpreted as due to disk accretion.
Reig & Coe (1999) studied the continuum spectral
shape of EXO 2030+375 in the 2–20 keV energy
range, representing it with an exponential cut-off
(Γ = 1.00± 0.06, Ecut ∼ 8.85±0.33keV), plus absorption
by cold material (NH = (2.6 ± 0.3)× 10
22 cm−2) and an
iron emission line at ∼ 6.5 keV. In the Gamma-ray band
data are scarce. CGRO/BATSE observations in the 20–
150 keV energy range did not find significant variations
of the spectral parameters over a 134-day period, with
a thermal bremsstrahlung as the best-fitting model
(kT = 20.2 ± 0.3 keV, Stollberg et al. 1999). Recent
INTEGRAL observations in the 5–25 keV range by
Mart´ınez Nu´n˜ez et al. (2003) have reported as the best fit
an exponential cut-off (Γ = 0.52 ± 0.12, Ecut ∼ 7.8 keV),
althought an iron emission line was not detected.
Kuznetsov et al. (2003) fitted the 20–100 keV spectrum
using a power law plus an exponential cut-off
( Γ = 1.5 ± 0.2, Ecut ∼ 37 keV). Furthermore, in the
20–150 keV energy range Bouchet et al. (2003) found that
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Fig. 11. Cygnus X–1 and EXO 2030+375 light curves
from INTEGRAL PV phase data. The four maxima in
the Cygnus X–1 light curve and the two EXO 2030+375
spikes are marked with arrows.
a single power law ( Γ = 2.72± 0.02) or a bremsstrahlung
(kT = 27.2 ± 0.1 keV) were compatible fits. Preliminary
10–200 keV broad-band spectrum by Camero et al.
(2004) showed that either an unbroken power law
( Γ = 2.54±0.14) or a bremsstrahlung (kT = 34±0.4 keV)
were again good fits. In the present work the hard com-
ponent of the 5–300 keV broad-band spectrum, described
by a single power law model with a Γ=2.04±0.11 keV,
confirms INTEGRAL preliminary results. As we said in
the previous section and in order to provide a physical
fit for EXO 2030+375 we have used in addition a
Comptonization model (COMPTT). Due to the fact that
this is the first attempt made for this source we can
not compare our results with previous studies. However,
we will compare them with other analysis performed
in another neutron stars and black-hole systems. These
studies, however, are concentrated on NS in low-mass
systems with lower magnetic fields than accreting X-ray
binaries. Such detailed studies using physical models for
broad-band spectra have not been done frequently for
accreting pulsars.
On average, BH spectra are harder than NS
spectra and this has been tentatively explained by the
additional cooling provided by the NS surface, which may
act as a thermostat capable of limiting the maximum kTe
achievable in these systems (Kluzniak 1993; Sunyaev &
Titarchuk 1989). Using the COMPTT model for fitting
BH spectra showed that electron temperatures greater
than 50 keV seem to be common, while NS temperatures
are usually smaller than that value (Barret 2001). For
EXO 2030+375 we have found that electron temperatures
between 30 keV and 60 keV are compatible in describing
the broad-band spectrum hard X-ray component. The
60 keV temperature value seems to be inconsistent with
the general behaviour of NSs. However, that criterion is
still under debate since a temperature of about 50 keV,
derived from the fitting of the hard X–ray spectra with
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a Comptonization model, was found by Torrejo´n et al.
(2004) for the High Mass X–ray Binary 4U2206+54, as
well as some speculative BH candidates for which kTe is
below 50 keV (e. g., IGR J17464-3213 and GRS 1758-258;
kTe ∼18 keV and ∼33 keV, respectively; Capitaino et
al. 2004, Mandrou et al. 1994). In any case, this is
applied when an energy cutoff is observed. But such
cutoffs are not always present in NS hard X–ray spec-
tra. EXO 2030+375 does not show a cuttoff ( Γ = 2.04).
The same behaviour is found in some weekly magnetised
NS like 1E 1724-3045 and Aql X-1, revealing a nonatten-
uated hard power law of Γ = 1.8 up to 200 keV (Barret et
al. 1991) and Γ in the range 2.1–2.6 in the 20-100 keV
energy range (Harmon et al. 1996), respectively.
Therefore, the indication of a steep hard X–ray (E>
∼
30
keV) spectrum with Γ >
∼
2.5 cannot alone be used
to claim that such a spectrum comes from a NS.
Similarly, a hard X–ray power-law spectrum with
Γ<
∼
2.5 is not unique to BHs (e.g., 4U 0614+091:
Γ=2.3; Piraino et al. 1999). Barret et al. (2000)
suggested that there might be two classes of NSs.
Members of the first class would display hard X–
ray spectra with energy cutoffs, which would result
from thermal Comptonization. Members of the second
class, where EXO 2030+375 could be included, would have
nonattenuated power laws which could be produced by
nonthermal Comptonization, similar to the ones observed
in the soft state of BHs.
5. CONCLUSIONS
Our main results can be summarized as follows:
• we have obtained the first 5–300 keV broad-band
spectrum using INTEGRAL observations of the December
2002 EXO 2030+375 outburst. A nonattenuated power
law (Γ = 2.04±0.11) or a COMPTT model (kTe=30 keV)
can describe the hard X–ray component, while a disk black
body can represent the soft component (kTBB ∼8 keV).
It should be noted that this is the first at-
tempt to apply a physical fit to EXO 2030+375;
• we have reduced pulse period uncertainty determina-
tions to ∼ 20% of previous INTEGRAL measurements;
• in the medium-term analysis, two unusual fea-
tures in the light curve were found, an initial peak
before the main outburst and another weaker one
after the maximum. The physical mechanisms pro-
ducing these features are unknown. RXTE observa-
tions confirm only the existence of the initial spike.
Further observations would be needed to find out
which physical mechanisms modulate the X–ray flux.
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